Background: Indications for long-term anticoagulation are expanding. Osteoporosis is a complication which can develop after prolonged treatment with unfractionated heparin and is probably multifactorial. Data on osteoporosis associated with low-molecular-weight heparins (LMWH) are contradictory. Vitamin K participates in bone metabolism and since oral anticoagulants antagonize vitamin K, their use may also increase the risk of osteoporosis. Aim: To assess and compare the effects of longterm secondary venous thromboembolic prophylaxis with LMWH or acenocoumarol on bone structure. Methods: We assessed bone mineral density (BMD) by densitometry in 86 patients receiving LMWH or acenocoumarol for 3-24 months. The initial BMD was compared to the final result expressed as the percentage difference. The Z-score was also assessed and defined for individual patients as the number of standard deviations of BMD from its ideal value calculated for age and sex groups. Results: Excessive decrease in BMD was evidenced, which seemed to relate to the duration as well as type of treatment. At 1 and 2 years of follow-up, the mean decrease in BMD of the femur was 1.8% and 2.6% in patients on acenocoumarol and 3.1 and 4.8% in patients on enoxaparin, respectively. Conclusions: Long-term exposure to treatment and prophylaxis of venous thromboembolism cause a modest but progressive decrease in BMD, more evident in patients on LMWH than on acenocoumarol. It might be advisable to perform densitometry before starting long-term anticoagulation and to repeat it every 12 months, especially in patients with concomitant risk factors for osteoporosis in order to identify patients in need of its prophylaxis.
Introduction
The increasing spectrum of indications for low-molecular-weight heparin (LMWH) and vitamin K antagonists requires consideration of potential side effects, especially during prolonged administration.
Osteopenia and osteoporosis are rare complications, which can develop after prolonged anticoagulation. Reports in the mid-sixties of patients with spontaneous frac-tures during long-term treatment with heparin first drew attention to a possible relationship between heparin treatment and osteoporosis [1] . Heparin-associated osteoporosis is a rare but potentially serious complication of unfractionated heparin (UFH) and LMWH therapy. Most of the reported cases of symptomatic osteoporosis with spontaneous fractures occurred in pregnant women treated with UFH for recurrent thromboembolism [2, 3] .
A practical way to evaluate the relationship between heparins and osteoporosis is to use bone density measurements by dual X-ray absorptiometry (DEXA) of the lumbar spine. Barbour et al. [4] in 1994, showed that heparin adversely affected bone density in about one third of exposed pregnant women. These results confirmed those obtained by Ginsberg et al. [5] in 1990. Studies addressing the mechanism of heparin-associated osteoporosis have been performed in both animals and humans; although meaningful data have been forthcoming, some remain conflicting. [6] [7] [8] .
Heparin-induced osteoporosis may be caused by one or more of the following factors: overactivation of osteoclasts by parathyroid hormone, decreased activity of osteoblasts, increased bone resorption as a result of collagen activation and disturbances in the metabolism of vitamin D.
The first two mechanisms are expected to result from the affinity of heparin for Ca 2+ . This leads to calcium decrease in blood and hence to stimulation of parathyroid glands that produce PTH which, in turn, stimulates osteoclasts that damage the bone. The side effect of this process is supposed to enhance the activity of osteoblasts necessary for bone reconstruction [9] .
Histomorphometric analysis showed both a time-and dose-dependent decrease in trabecular bone volume after UFH treatment. Heparin-treated rats also showed a decrease in serum alkaline phosphatase and an increase in urinary pyridinoline. Both UFH and LMWH decreased osteoblast and osteoid surface to a similar extent, but only UFH increased osteoclast surface [10, 11] . LMWH causes less calcium loss than UFH.
Calcium release was increased in a dose-dependent manner by the addition of either UFH or LMWH, but more than 50-fold higher LMWH concentrations were needed to obtain an effect equivalent to UFH [12] .
Vitamin K is an essential factor for the synthesis of plasma-clotting proteins and site-specific carboxylation of bone Á-carboxyglutamate (GLA) protein and other bone matrix proteins. A low vitamin K concentration has been associated with reduced bone mineral density (BMD) [13] . One of the first studies which might indirectly refer to inhibition of bone matrix proteins indicated that vitamin K antagonists inhibit enzymatic outer ring monodeiodination of T 4 to T 3 [14] . This inhibition of conversion of T 4 to T 3 may explain other adverse effects of this drug. The same applies for bones.
Vitamin K antagonists are widely used in patients with atrial fibrillation, venous thromboembolic disease, ischemic heart disease, and in patients with mechanical heart valves. Divergent results have been obtained in studies of BMD in these patients.
The aim of this nonrandomized, open-label, prospective study was to estimate the influence of anticoagulant treatment for venous thromboembolism (VTE) on bone density when using LMWH or acenocoumarol.
Methods
The study group consisted of 86 patients (45 females, 45 males; mean age 48.1 years, range 22-74 years) assigned to secondary prophylaxis after episodes of VTE.
The spectrum of patients admitted to our hospital includes people living in rural areas or small communities where appropriate INR monitoring was more difficult than self-injection of LMWH. Therefore, in many cases of idiopathic, recurrent or thrombophilia-related VTE requiring long-term secondary prophylaxis, LMWH was used for this purpose.
Nadroparin 15,000 IU/day s.c. was given to 15 patients, enoxaparin (1 mg/kg/day s.c.) to 42 patients and acenocoumarol to 29 patients, doses aimed to reach a target range of INR 2.0-3.0.
Each patient was evaluated twice for bone structure abnormalities: first after 7-10 days of initial treatment for VTE and then after either 3, 6, 12 or 24 months, depending on the duration of prophylaxis. Bone structure was assessed by densitometry (according to the DEXA method with LUNAR DPX-L, Lunar, Madison, Wisc., USA). Two different bones (femur and lumbar spine L 2 -L 4 ) were studied. The initial bone mineral density as measured by densitometry was assigned a value of 100% and compared to the final BMD result, expressed as the percentage difference from the initial value.
Z-score was assessed, defined for individual patients as the number of standard deviations from an ideal BMD value corrected for age and sex.
Results
We observed a decrease in BMD in most cases; changes were evident in the group treated with nadroparin for 3 months, but this trend was especially evident in the group receiving enoxaparin for 1 year or more. Deterioration of bone structure was also found in the group of patients on acenocoumarol treatment. Progressive changes were noticed in patients receiving LMWH for 3, 12 or 24 months. Z-score also decreased with time Wawrzyń ska/Tomkowski/Przedlacki/ Hajduk/Torbicki 
Discussion
In many retrospective studies, LMWH and vitamin K deficiency have been associated with the risk of osteoporosis [15] [16] [17] .
Data collected on pregnant women suggested an influence of UFH on increased risk of fractures, osteopenia and osteoporosis. The results of the current study which addressed both sexes excluding pregnant women confirmed previous observations. In addition, comparison was made between the influence of LMWH and acenocoumarol, and the results indicated that both drugs cause a BMD decrease, less marked in case of vitamin K antagonists. It seems that these changes correlate with the duration of prophylaxis. Our observations are similar to those published earlier by Monreal et al. [18, 19] . Also the number of patients in both studies was similar though our subgroups were smaller.
Only very few published studies concerned the influence of vitamin K antagonists on bone structure [20] . With the exception of the study of Jamal et al. [21] , all other studies including ours [22, 23] suggested deterioration in the indices of bone structure. The reasons for these changes are unclear. The development of histomorphometric and markers for bone metabolism analysis may contribute to explain the influence of vitamin K antagonists and LMWH on bone density.
This study shows that there is a modest but distinct and progressive decrease in BMD in patients on prolonged anticoagulation after VTE. Peak bone density is normally achieved after puberty and into the third decade of life. At menopause, an acceleration of bone loss occurs over approximately 5-8 years, with an annual 2-3% loss of trabecular and 1-2% loss of cortical bone. The data presented here show only mean changes (¢BMD) in individual bone areas and they do not allow for a formal diagnosis of osteopenia or osteoporosis. Many of the patients with VTE, including those who might require chronic lifelong secondary prophylaxis, experience a significant decrease in BMD already in baseline densitometry. A further BMD decrease accelerated by vitamin K antagonists, and especially LMWH, may aggravate bone destruction.
To what extent such destruction can be prevented by appropriate monitoring and active prophylaxis or treatment of osteoporosis remains to be assessed. Performing densitometry at baseline and thereafter once a year could be helpful but, considering the current numbers of patients receiving anticoagulation, would be a heavy burden on healthcare economics. It should be noticed that the two groups (LMWH and vitamin K antagonists) may have differed at the start with respect to risk factor for osteoporosis, given the nonrandomized design.
Our results should be useful not only for clinical decision-making regarding the choice of anticoagulation agents but might also serve as a reference for future trials assessing side effects of new drugs, both related and unrelated to heparin, such as pentasaccharides and direct oral thrombin inhibitors and their influence on bone structure.
We conclude that long-term exposure to treatment for VTE causes a consistent, progressive decrease in BMD, more marked with LMWH than with vitamin K antagonists. It would be advisable to perform densitometry before starting secondary prophylaxis with anticoagulants and to repeat it every 12 months, especially in patients who are otherwise at higher risk of developing osteoporosis.
